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ABSTRACT
The Migration of Arsenic and Lead in Surface Sediments at Three Kids Mine-
Henderson Nevada
by
Douglas Brian Sims
Dr. Vernon F. Hodge, Examination Committee Chair
Professor of Chemistry
University of Nevada, Las Vegas
This study focused on the'distribution of arsenic and lead in surface sediments at
Three Kids Mine in Henderson, Nevada. The mine site encompasses approximately 470
acres of desert and is situated above two developing communities (Lake Las Vegas and
Calico Ridge) and the Las Vegas Valley's water source (Lake Mead).
Transport of arsenic and lead appears to have occurred within a limited range in
both the eastern and western washes on the eastern and western sides of Three Kids Mine.
Concentrations of arsenic range between 20 mg/kg (ppm) and 1130 mg/kg and between
20 mg/kg and 8400 mg/kg for lead. Samples gathered from the north side of the site
indicate a mixing of the natural soils which are low in arsenic and lead with much higher
arsenic and lead levels which apparently originated from the milling process employed on
the site. This migration of arsenic and lead apparently resulted from the transport of
sediments containing arsenic and lead down gradient in surface runoff during storm
iii
events. Sorption of arsenic and lead onto the surfaces of soil particles is postulated to be
the major source of transport during wet periods for this site. As a result, transport of
arsenic and lead from the Three Kids Mine could possibly pose a threat to Lake Las Vegas
if a catastrophic storm event or repeated storm events were to occur within a short period
of time.
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CHAPTER 1
INTRODUCTION
Although mining activities during the last 100 hundred years have
contributed to the economic growth of Clark County, Nevada, the by-products of
these activities have had a negative impact on the environment. For example,
hazardous chemicals such as cyanide, sulfuric acid, and hydrochloric acid were
used and released into the environment, and potentially poisonous elements such as
j
cadmium, mercury, lead, and arsenic, were concentrated from natural sources
during the milling process. These metals and compounds may have polluted the
soils at many mining sites including the Three Kids Mine (Goddard, 1988).
A determination of the extent of contamination at the Three Kids Mine may
be indicative of the environmental problems likely to have occurred at numerous
other sites throughout Clark County. The number of mining sites throughout
Clark County is greater than 1000+ (Genson, 1996), and therefore, the impact that
mining has had on soils in Clark County is potentially significant.
Understanding the contamination at the Three Kids Mine may provide a
valuable basis for understanding and predicting the environmental problems
associated with other past and present mining operations. Mining activities at the
1
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Three Kids Mine produced lead, mercury, nickel and arsenic as by-products during
the extraction of manganese (U.S. Bureau of Reclamation [BOR], 1995). The
waste produced from the refining was either volatilized in a kiln and discharged
through smoke stacks or discarded as slag and tailings in large evaporation ponds
(Johnson and Trengove, 1956). The evaporation ponds were not engineered to
contain the tailings for a significant amount of time (BOR, 1995). Rather, they
were unlined, contained by coarse (rocky) berms constructed of overburden, and
lacked spillways and diversion structures to handle run-off associated with
infrequent but violent storm events.
This thesis research focuses on assessing the contamination of soils by
arsenic and lead, surrounding the Three Kids Mine. Of particular concern is the
j
potential contamination, from the mine, via the transport of contaminated
sediments by surface runoff during storm events. Situated down gradient from
Three Kids Mine are the communities of Calico Ridge and Lake Las Vegas. It is
currently unknown if these two communities have been affected by heavy metals
from the Three Kids Mine.
Prior to the inception of this study, two earlier studies (Envirocon, 1991,
1995) focused on the Henderson Lead Site and the right-of-way for the Lake Las
Vegas Parkway. Both sites are located adjacent to Three Kids Mine (see Maps 1,
2, and 3). The Henderson Lead site, which is included on the EPA's CERCLA
(Superfund) list as a hazardous materials contaminated site, and Lake Las Vegas
Parkway were investigated prior to a land transfer (BOR, 1995). This transfer
exchanged land, classified as U.S. Bureau of Reclamation withdrawn lands, on the
I .§ 00
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north side of Lake tv^d Drive for U.S. Bureau of Land Mana^ .nent lands in the
Red Rock Conservation area. The intent of the land exchange was to facilitate the
development of the Lake Las Vegas Parkway. Prior to the transfer of lands, as
mandated by federal law, an assessment of the site's chemical contamination was
performed (BOR, 1995). This study indicated that elevated levels of lead existed
in the soils of the Lake Las Vegas Parkway right-of-way. However, arsenic was
not a targeted element in the Lake Las Vegas Parkway right-of-way, and,
consequently, was not measured during the initial assessment (BOR, 1995). The
Henderson Lead Site investigation established that the levels of arsenic and lead in
ephemeral wash soils decreased as the distance from the mine site increased.
Levels of arenic and lead were found to be the highest in sediments of ephemeral
washes originating on the Three Kids Mine property (BOR, 1995).
Studies by the Bureau'of Reclamation (1995) and Envirocon, Inc. (May
1991; July 1991) established that arsenic and lead are commonly found in the ore
(which contained up to 30% manganese) at Three Kids Mine, at levels ranging
from 0.001-0.06 parts-per-million (ppm, rag/kg) for arsenic and 1-3 ppm for lead
(BOR, 1995; Longwell et al., 1965). At such concentrations, these elements do
not necessarily pose a health threat, however, the type of mining and milling
process conducted at the site concentrated heavy metals such as arsenic and lead
above state and federal regulatory limits (BOR, 1995). Some of the results from
both of these studies are presented in the Results and Discussion section for
comparison to the data generated for this research.
Environmental Chemistry
This section discusses compounds of arsenic and lead that may exist in the
soil at the site. Additionally, two Eh-pH diagrams are presented to illustrate the
oxidation and reduction relationships of arsenic and lead in the presence of water,
sulfur, and carbonate. An important consideration is that the oxidation states of
arsenic and lead may determine their movement in natural environments. The Eh-
pH diagrams illustrate which species of arsenic and lead will likely be present in the
Three Kids Mine environment, and thus, the potential soluble forms of arsenic and
lead which could be transported down gradient in rain runoff.
Table 1 gives the action-standards for arsenic and lead set by the State of
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Nevada, in mg/kg (ppm), for soils (called Total) (BOR, 1995). Action standards
are the levels of these elements which may pose a potential health risk to the
public. The Toxicity Characteristic Leaching Procedure (TCLP) standards are the
maximum allowed limits for leachable concentrations of arsenic and lead in soil by
water with a pH of 5 (BOR, 1995). The total concentration standards are the
maximum allowed concentration of arsenic or lead in soil following total
destruction. These values include the combined amount of both organic and
inorganic species.
Table 1: Action Standards for As and Pb
TCLP TOTAL
Arsenic- 5.0 (mg/L*) 80 (mg/kg)
Lead- 5.0(mg/L) 200 (mg/kg)
* ppm
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Arsenic
Hawley's Condensed Chemical Dictionary (1993) describes arsenic as a
nonmetallic (i.e., metalloid) element comprised of a "silver-gray, brittle, crystalline
solid that darkens in moist air". Overall, arsenic ranks twentieth in abundance in
the earth's crust, with an average concentration of 1.5-2 mg/kg (ppm) (National
Academy of Science [NAS], 1977) and inorganic compounds of arsenic can exist
in air, soil and water, in various forms, depending on the pH of the soil or water
(NAS, 1977).
Arsenic can occur in several valence states, Asl+, As3*, As5*, and As3".
Arsenate (AsO*3"), where arsenic has at a valence of+5, is the most water soluble
form (Fischer, 1990). The mobility of arsenate may be limited by the presence of
3
ferric hydroxide which has a wide Eh-pH range of stability (NAS, 1977). In an
oxidizing environment, with a pH <4.09, colloidal ferric hydroxides may be present
and adsorb arsenic (Fetter, 1993).
Assuming an activity of 10"* for dissolved arsenic species, the Eh-pH
relationship for the As-O-H system is shown in Figure 1. Figure I considers the
species of prime importance for a wide range of Eh-pH conditions (Brookins,
1988), and illustrates which forms of arsenic would exist in solution at certain Eh-
pH conditions. For example, elemental arsenic is present in solution under
reducing conditions. However, elemental arsenic can only exist under certain Eh
conditions, between 0 and 0.25 at a pH of 0, and at lower Eh's as the pH
increases. Thermodynamic data used in the calculations for the Eh-pH diagram are
presented in Table 2.
FIGURE 1: As-O-H System
iu
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Table 2: Thermodynamic Data for Arsenic Species
CHEMICAL FORMULA
HAsCU2' (aq)
HAsO32' (aq)
H3AsO4 (aq)
' H3AsO3 (aq)
. H2As04' (aq)
H2As03- (aq)
AsCu3" (aq)
AsO^ (aq)
As2O3
As
AG°f(kcal/gftv)
-170.69
-125.31
-183.08
-152.92
-180.01
-140.33
-154.97
-107.00
-137.66
0.00
REFERENCED)
Wagman et al., (1982)
Dove and Rimstidt (1985)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Dove and Rimstidt (1985)
Robie et al., (1978)
Wagman et al., (1982)
(After Brookins, 1988)
Some soluble forms of arsenic include the alkaline-earth arsenates (Wilson
and Hawkins, 1978). There are several chemical formulas which represent
arsenites: AsO3, MH2AsO3, M2HAsO3, and M3AsO3, where M is a univalent metal
cation or an equivalent multivalent cation (NAS, 1977). Arsenites and arsenates
also produce salts which have similar solubility properties. Calcium arsenate, a
commercial insecticide, contains about 61% calcium arsenate and 9% calcium
arsenite according to the NAS (1977) (Patterson and Passino, 1987; Davidson,
1978).
Another form of arsenic is the arsenic sulfides. Arsenic sulfides have low
solubilities in anaerobic aqueous solutions and sedimentary environments which
contain hydrogen sulfides (NAS, 1977). Arsenic pentasulfide is the most
significant sulfides among the group of sulfides. Arsenic trisulfide and pentasulfide
form with the aid of hydrochloric acid when hydrogen sulfide reacts with trivalent
inorganic arsenic compounds. Thioarsenite and thioarsenate form when sulfides
totally dissolve in alkaline solutions (Patterson and Passino, 1987; NAS, 1977).
Arsenic sulfides tend to decompose in several days in cold water when hydrogen
sulfide is absent, forming arsenic oxides, sulfur, and hydrogen sulfides (NAS,
1977).
Smelters can produce arsenic trioxide which in turn is released into the
environment. Arsenic trioxide can exist in cubic, monoclinic, and amorphous
forms. The cubic form, arsenolite, has been found to be stable only when below
-13°C. Above this temperature, monoclinic claudetite forms. The amorphous
form is a modification of claudetite, which is a glass like amorphic solid
(NAS, 1977). Arsenic, in the compound arsenolite, occupies the four corners of a
tetrahedron such that each atom of arsenic is joined by oxygen atoms. Arsenolite
molecules are arranged so that their centers occupy the lattice point of a diamond
12
configuration (Waldron, 1980). The monoclinic form of arsenic trioxide has two
forms (claudetite I and II), resulting in alternate arsenic and oxygen atoms linked
into sheets and forming open macromolecular configurations (Fischer, 1990). The
dissolution, rate of the monoclinic form is low and it can take up to several weeks
to reach equilibrium. The amorphous glassy form of arsenic trioxide has a
configuration similar to claudetite, but is irregular in shape (NAS, 1973, 1977;
Waldron, 1980).
Lead
Crustal igneous rock generally contain approximately 16 rag/kg (ppm) of
lead (Rolfe and Reinbold, 1977). About 95% of the earth's crustal rock is of
,>
igneous origin (Waldron, 1980). Lead has been in use by man for domestic and
industrial uses for over two thousand years. An estimated 100 million tons of lead
have been mined and used by man since its initial discovery (BOR, 1995). Today,
lead is primarily used for batteries, radiation shields, and cable sheathing (BOR,
1995).
Lead that is naturally incorporated into soils has a low mobility because of
the low solubility of many of its compounds (Hutchinson and Meema, 1987).
Thus, unfortunately, once soil is contaminated with lead, it will likely remain
contaminated (Wixson and Davies, 1993). Lead contamination originates from
the erosion of naturally occurring deposits as well as anthropogenic sources such
as smelters, mines, and motor vehicle exhaust (Harrison and Laxen, 1981; Wixson
and Davies, 1993). Atmospheric lead concentrations have been artificially boosted
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by motor vehicle emissions over the past fifty years and by industrial processes
over the past century (USPHS, 1965; Bowman, Conway and Asara, 1972; Tepper
and Levin, 1972).
One study which focused on anthropogenic lead from motor vehicles was
performed by Rolfe et. al. (1977). They studied the anthropogenic lead levels in an
urban setting to determine the background concentration for lead. After setting
out samplers in an average size city (pop. 100,000+), they measured the lead
content over a thirty day period. Their data indicated that natural lead accounted
for 88% of the total concentration, and the burning of fossil fuels (e.g. gasoline)
accounted for 12%.
The levels of naturally occurring lead in the area of the Three Kids Mine
site are assumed to be dominant over anthropogenic lead originating from fossil
fuels. Thus, anthropogenic sources of lead were not considered as one of the
variables in this thesis.
White lead (lead carbonate), 2PbC03-Pb(OH)2, has been employed as a
compound of the pigments of many paints. Other widely used lead compounds
include triplumbic tetroxide (Pb304), calcium plumbate (CaPb04), and lead
chromate (PbCrO4). The erosion of lead pigmented paints is regarded as one of
the major sources of lead contamination in the environment (Purves, 1985).
Depending on certain Eh-pH condition, the solubility of various lead
compounds can be summarized as PbCl? < PbF2 > PbSO4 < PbCO3 < PbS. Lead
undergoes cation exchange reaction with clays, which also restricts its mobility in
groundwater (Fetter, 1993).
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Depending on certain Eh-pH condition, the solubility of various lead
compounds can be summarized as PbCl2 < PbF2 > PbSO4 < PbC03 < PbS. Lead
undergoes cation exchange reaction with clays, which also restricts its mobility in
groundwater (Fetter, 1993).
An Eh-pH diagram illustrating the lead species of prime importance on a
wide range of Eh-pH conditions is given below (see Figure 2; Brookins, 1988).
According to Figure 2, PbS can exist over a large Eh-pH range, under reducing
conditions. Table 3 contains the thennodynamic used in the construction of the
Figure 2.
Mechanism of Transport
Sorption of metals to soil particles and is a potential pathway for many
contaminates to migrate through the environment. Sorption, occurs when a soil
particle accumulates an element on its surface (Hutchison and Ellison, 1992).
Soils containing sorbed metals may be transported down gradient by overland flow
during storm events. Also, fine soil particles containing contaminants can be
blown about by the high winds that are common in the desert. According to
Hutchison and Ellison (1992), the main mechanism of the transport of lead is soil-
particle-sorption, whereas for arsenic, the main mechanisms of transportation are
soil-particle-sorption and precipitation of arsenic salt species. However, chemical
precipitation depends upon the presence of soil moisture. Because soil moisture is
extremely low in this area during most of the year and there is infrequent high
moisture during the rainy season, it was not considered as a variable.
1.5
FIGURE 2: Pb-S-C-O-H System
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Table 3: Thermodynamic Data for Species of Lead
CHEMICAL FORMULA
Pb2* (aq)
PbS
PbO
PbO2
PbOH* (aq)
HPbOf (aq)
PbCV (aq)
Pb304
PbC03
PbSO4
AG°f(kacl/gfw)
-5.84
-23.59
-45.16
-51.94
-54.09
-80.88
-101.69
-143.69
-149.50
-194.35
REFERENCED)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman etal., (1982)
Wagman etal., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman et al., (1982)
Wagman etal., (1982)
(After Brookins, 1988)
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Consequently, it is this movement of arsenic and lead by soil-particle-sorption
which must be considered as one of the mechanisms of transport at the site. rt;
Topics to be Addressed
The area of potential contamination associated with this site is
approximately 470 acres. Three Kids Mine employed a milling process to
concentrate the manganese which used 2.5 million gallons of water, diesel fuel, and
SC>2 and produced waste containing arsenic and lead. During mining operations,
the evaporation ponds contained large amounts of contaminated slurry which was
pumped from the milling facilities (BOR, 1995).
Not only were the evaporation ponds unlined, but because Three Kids
j
Mine was active before environmental regulations were imposed, waste was not
treated to remove contaminants, such as arsenic and lead, before it was released
into the evaporation ponds. The evaporation ponds have been exposed to the
weather for over thirty years since the closing of the mine in 1961 (Longwell et al.,
1965). If a breach in the berm enclosing the ponds occurred during a major storm
event, large amounts of sediments containing arsenic and lead may have been
transported down gradient. If such a release occurred, sediments could have been
transported to the Las Vegas Wash, Lake Mead, or to the areas where the
developing communities of Lake Las Vegas and Calico Ridge are situated. This
possibility is of particular concern because sediments in the ponds are fine grained
(estimated to be <0.04 mm) and highly susceptible to alluvial transport.
Furthermore, this fine grained material can also be transported by aeolian
18
processes. (Colin, 1985; Emerson, 1981; Welch et al., 1988; Wixson and Davis,
1993; Williams, 1992).
Movement of sediments containing high concentrations of arsenic and lead
could pose a potential health risk for residents of these communities. If
contaminants were to enter the Las Vegas Wash, they could then travel to the Las
Vegas Valley's water supply whose intake system is located six miles down stream
from the inlet of Las Vegas Wash, on the southwest edge of Saddle Island in Lake
Mead.
Three major questions that this study will attempt to answer are:
• What are the concentration of arsenic and lead in the evaporation
ponds?
• What are the concentrations of arsenic and lead in ephemeral wash
sediments?
• Does Three Kids Mine pose an potential environmental threat to
the area around the mine site?
CHAPTER 2
BACKGROUND
The manganese deposit exploited at the Three Kids Mine, located five
miles northeast of Henderson, Nevada, was discovered in 1917 (Longwell et al.,
1965). Rafferty (1992) explains that World War I was the driving force in the
extraction of manganese, an essential component in the manufacture of armor
plated steel. The Three Kids Mine grew to a total strength of 50 men for the
j>
mining and milling operation, consisted of three open pit mines, and produced
manganese of 40% purity between 1918 and 1920. It closed shortly after the end
of World War I because there was no longer a need for large quantities of
manganese (BOR, 1995).
In 1936, the Three Kids mine was sold to the Boulder Dam Manganese
Company, and the pits re-opened at the beginning of World War n, as manganese
was again needed for armored plated steel. Because the high grade ore was
removed prior to 1936, the need for a more efficient operation led to the
development of a leaching and noduling plant to process the excavated lower
grade ore. Prior to the completion of the new on site leaching and noduling plant
in 1942, the ore was sent to a noduling plant located on Date Street in Boulder
19
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City, Nevada, to a milling facility much like the one later constructed at Three Kids
Mine (BOR, 1995).
This milling method required a vigorous extraction process to yield nodules
of sufficient purity for metallurgical use. Lead, which was present in the ore in
concentrations of 3 ppm, needed to be removed because it interfered with the
strengthening properties of the manganese in armor plating (BOR, 1995). In order
to process the ore on the scale needed for the war effort, the Bureau of
Reclamation facility at Date Street in Boulder City, Nevada, which processed
approximately 200,000 tons of manganese from the Three Kids Mine between
1936 and 1955, was replaced with the newly constructed facility at the site. The
leaching and noduling plant constructed at Three Kids Mine consisted of a series
j
of cement basins where crushed ore was placed prior to adding a mixture of diesel
fuel, soap, SO2(gas), and water. The diesel fuel was added as both a thickener as
well as to disperse the soap which was added. The soap was added to generate the
thick foam which was essential in suspending elements during the floatation
process. The SO2 was added to generate sulfurous acid, an essential ingredient
which leaches elements from the rock. Sulfurous acid is produced as follows:
S02 + H20 => H2S03
Once this mixture was put into the basin, the ore and liquid was agitated for a few
days (BOR, 1995).
The new milling facility, completed in 1955, was designed to process
almost 450,000 tons of ore per year (Rafferty, 1992; BOR, 1995), and processed
1,200 tons (438,000 tons per year) of ore a day till 1961. This scale of operation
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required 2.5 million gallons of water per day (Johnson and Trengove, 1956).
Waste water was discharged down two washes, one out of the nodule plant on the
northeast side of the mine and the other out into evaporation ponds located on the
northwest side of the site (see Map 1). Both of these washes converge with Las
Vegas Wash some 1.2 miles down gradient from the mine (RafFerty, 1992; BOR,
1995).
Prior to 1955, the Three Kids Mine and milling process used sulfuric acid
(BOR, 1995). This process required the ore to be ground into a fine powder in a
ball mill. The black rock powder produced was placed into huge cement tanks and
leached with a weak solution of sulfuric acid (BOR, 1995). Manganese, lead, and
other metals dissolved. Manganese sulfate, and lead sulfate were precipitated from
the solution, and the precipitate was collected and roasted in an open kiln which
was fired with diesel fuel. Finally, the precipitate was calcined in a coke-fired
closed kiln at a temperature of 1800° F (BOR, 1995).
In 1956, a flotation system was installed during an upgrading of the facility
sponsored by the United States Federal Government (BOR, 1995). The system
consisted of two cement basins about 200 feet across and five slightly smaller
cement basins about 125 feet across, each with a maximum depth of 15 feet in the
center of the basin (Rafferty, 1992). Ore was crushed and the black rock powder
dumped into large basins with a mixture of sulfur dioxide (this produced sulferous
acid which maintained a low pH), diesel fuel, soap (sodium sulfonyl sulfonate), and
water (Johnson and Trengove, 1956). The mixture was agitated with a rotating
arm attached to a column positioned in the center of the basins, producing a foam
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on top of the solution within the basin (BOR, 1995; Johnson and Trengove, 1956).
This foam contained manganese, lead, and other metals in suspension. The
unwanted metals were removed during roasting in a coke-fired kiln. The foam
containing the manganese ore and other unwanted metals was gravity^drained into
troughs constructed along the outside walls of these basins (Rafferty, 1992). The
slurry waste material was directed down slope into large evaporation ponds, and
the foam containing the metal was pumped out and dewatered by running it
through a thickener (BOR, 1995). The precipitate and foam was roasted and
calcined in a coke-fired open kiln at a temperature of 1800° F. The milling process
then removed the residual impurities (e.g. lead and arsenic) by heating the material
to 2500° F in a closed furnace in order to vaporize the impurities (BOR, 1995).
This vaporization produced sulfur dioxide gas which contained lead and arsenic
vapor. Volatile fumes containing arsenic and lead condensed and fell to earth
slightly down wind from the mill (BOR, 1995).
Since the early 1930's, the mine only produced manganese nodules of
about 15% purity (Longwell et al., 1965; Johnson and Trengove, 1956). A total of
726,371 cubic yards of ore and 1,172,529 cubic yards of overburden were
removed from the mine throughout its 61 years of operation (Johnson and
Trengove, 1956). Three Kids Mine was intermittently operated until 1961 for the
peacetime strategic minerals program. The mine and mill closed permanently in
1961 because its government contract expired, and the milling facilities were
dismantled shortly thereafter (Longwell et al., 1965).
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Environmental Setting
Geological Setting
Three Kids Mine is located in the southern portion of Clark County,
Nevada, within the Basin and Range Physiographic Province. The province is
characterized by north and northwest trending mountain ranges which are
separated by large alluvium filled valleys. The mine site consists of sedimentary
basin-fill deposits of poorly sorted Quaternary alluvium, Tertiary Muddy Creek
Formation, and Tertiary Horse Springs Formation which are separated by steep,
jagged, outcrops, ridges, and mountains composed of volcanics (Longwell et al.,
1965; Bell and Smith, 1980).
Quaternary deposits at the site, which cover ore beds of manganese, range
j
from five to ten feet in thickness. These deposits are poorly sorted and consist of
unconsolidated sediments composed of silts, sands, gravels, pebbles, and cobbles
(Longwell, et al., 1965). The alluvium deposits are the result of weathering and
eroding of the volcanic rocks located southeast of the site in the River Mountains.
This alluvium is generally covered with a moderately to well developed desert
pavement (Bell and Smith, 1980).
The Muddy Creek Formation is located approximately 500 feet beneath the
Quaternary Alluvium deposits at the site. It is composed of basin-fill sediments of
sandstone, siltstone, and clays, which are of lacustrine and subaerial origin
(Longwell et al., 1965). Extensive beds of gypsum occur within the siltstone at the
site (Longwell et al., 1965). The Muddy Creek Formation has a dip of 25° - 30°
to the southeast, away from the Las Vegas Wash. The placement of this formation
in the area of Three Kids Mine forms a trough-shaped synclinal structure
approximately 325 feet thick, that is inclined to the southwest (BOR, 1995). Thin
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lenses of impermeable clays are also present throughout the area (Longwell et al.,
1965; Bell and Smith, 1980).
The Horse Spring Formation is situated beneath the Muddy Creek
Formation and consists of fine to medium grained crystalline and siliceous
limestone that is interbeded with calcareous siltstones and shales (Longwell et al.,
1965). The beds of limestone generally consist of brachia and are described by
Longwell et al., (1965) as thickly bedded to massive. Caliche also occurs
throughout the site (Bell and Smith, 1980).
Manganese ore bodies are located in the Muddy Creek Formation and are
covered by loose consolidated alluvium to unconsolidated gravels. Gypsum beds
located in the same formation are separated by sandy shales and gray volcanic rock
(tuffs) compacted to form consolidated rock (BOR, 1995). Ore beds also lie on a
well cemented conglomeratej(Bell and Smith, 1980). The ore is a complex
mixture of manganese oxide accompanied by small amounts of psilomelane and
manganite. The matrix is composed of a fine grain volcanic tuff, quartz, feldspars,
silicates, clay, and gypsum (BOR, 1995; Longwell et al., 1965).
Hydrologic Setting
Precipitation in the area averages four inches per year (Genson, 1996).
Summer rains usually occur during major convection storms while winter rains are
usually light and dump less than 0.10 inch (Genson, 1996). Approximately 35%
to 40% of the measurable rainfall occurs in 0.25 inch or greater events, commonly
from a single thunderstorm (BOR, 1995).
The nearest permanent water source to Three Kids Mine is the Las Vegas
Wash, located approximately 1.2 miles north of the site. The Las Vegas Wash is a
stream running roughly southwest to northeast and eventually terminates into Las
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Vegas Bay, Lake Mead. The flow of Las Vegas Wash is a combination of
interflow by a high water table in the lowest portions of the valley, surface runoff
urban runoff, treated sewage from the Las Vegas treatment plant, and discharges
fronVephemeral washes during storm events. The highest flow on record is 6,510
cfs recorded in 1978 with a baseflow of about 193 cfs (BOR, 1995). Las Vegas
Wash flow reaches its peak during winter months when evapotranspiration is low
(BOR, 1995).
Water and sediments have the potential to be transported from Three Kids
Mine to Las Vegas Wash by numerous north-south trending ephemeral washes.
Many of these dry washes originate from the Three Kids Mine area. These washes
contain flowing water during storm events (BOR, 1995). The mine tailings are of
j
a fine texture mixed with course rock and sand, making them susceptible to mass
transport via erosion (BOR, 1995).
The nature of the Muddy Creek Formation, within which Three Kids Mine
is situated, tends to prevent movement of groundwater due to its synclinal
structure (Bell and Smith, 1980). Groundwater can only migrate to the west and
southwest, however, this would require the ground water to migrate up-gradient.
The possibility of this groundwater flow occurring is very low (Fetter, 1994). The
depth of groundwater at Three Kids Mine is on the order of 600 feet below
ground surface (BOR, 1995; Longwell et al., 1965). With less than four inches of
precipitation occurring per year, infiltration of contamination deep enough to be
transported in groundwater is unlikely (Genson, 1996). Furthermore, the
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groundwater in the area is isolated by a confining layer of caliche which impedes
its movement (BOR, 1995; Bell and Smith, 1980).
CHAPTERS
METHODOLOGY
Technical Approach
A visual examination of the mine site revealed many locations where the
soil was discolored. This discoloration suggested a potential for manganese
contamination, and was a factor in selecting samples. The topography, location of
slurry dumps, evaporation ponds, and perennial water source located nearby made
the site ideal for study.
Field Sampling
Sampling methods used were similar to those performed by Envirocon, Inc.
(1991, 1995) during their preliminary assessment of the Henderson Lead Site,
located on the northwestern boundary of Three Kids Mine (see Map 4). Soil
samples were collected from three general areas throughout the site:
• From primary (main) and secondary (tributary) washes which flow
from or near the site.
• From hills north and south of the mine for the determination of
naturally-occurring arsenic and lead (i.e. background levels).
• From the evaporation ponds and tailings piles located on site.
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Map 4: Three Kids Mine Preliminary Assessment
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Soil samples from the surface were collected with a stainless-steel shovel.
Prior to the collection of each sample, collection tools were wrapped with new
plastic wrap to prevent cross-over contamination from occurring. Samples were
double bagged in disposable polyethylene bags and placed in coolers for
transportation to the laboratory. Sample size was approximately 1000 grams.
Sample identification consisted of a series of characters which represented
the area from which the sample was collected, and involved the ED # "TKM"
followed by a number designating the map location of where it was collected.
Duplicate (QA/QC) samples were identified by the same series of numbering,
however, each ID number was followed by a "Q". Finally, samples were cataloged
according to location and time of sampling on chain-of-custody forms.
j
Forty-five (45) soil samples were gathered throughout the site by the
author and a field assistant (see Map 5). One hundred-twenty three (123)
additional samples were gathered by the BOR during three independent projects
between 1991 and 1995. Samples collected by the author were gathered in the
same fashion as those collected during the other projects, which involved the
collection of samples from the surface, not exceeding a depth of 3 inches below the
surface, of ephemeral washes originating from Pond-A and Pond-B. Sixteen of
the samples were gathered from a north-south trending wash located on the
eastern side of the site in order to determine whether contaminants have migrated
down gradient from Pond-B. Four background samples were taken from a large
volcanic rock outcropping (see Map 5), background samples 1, 2, and 3 were
taken 1200 ± 10 meters to the southeast of Pit-1 and approximately 1690 ± 10
meters north of the center of Pond-A and sample number 45 (background sample)
was taken 1300 + 10 meters to the southeast of Pit 1. Samples 1, 2, and 3
^_
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(background samples) were collected from the lee-ward side of two bill tops
^ (knobs) which are designated as knobs A and B. Sample 45 was taken from the
south end of Pit 1
Samples were composite soil samples, and collection involved the marking
of a 4ft2 area on the ground surface and excavating soil to about 3 inches below
the surface. The soil removed during excavation was placed into a mixer-splitter
so the soil would be uniformly mixed into a representative sample. Once mixed,
1000 grams of soil was placed into a sample container for transportation to the
laboratory. If a duplicate sample (QA/QC) was to be collected, the sample size
was increased to approximately 2000 grams to ensure an adequate amount would
be available for analyses. After each sample was taken, marked with its location,
and sealed, it was placed in a cooler at ambient temperature, and transported to the
j
laboratory where it was refrigerated.
Precipitation Measurements
To identify the amount of rainfall during storm events, five wedged shaped
rain gages were installed throughout the site (see Map 6). Four of the five rain
gages were placed along the periphery of the site, and the fifth gage was placed
within evaporation Pond-A. Data collected from gages were used to estimate
average rain fall and the magnitude of storms. Also, slope and soil type (BOR,
1995) aided in the calculation of potential mass transport of sediments at the site.
Historical weather records were also obtained from the National Weather Service
in Las Vegas and analyzed to determine recurrence intervals and magnitudes for
various storm events. These data were used in models to determine the potential
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transport of sediment by runoff containing heavy metals from the site. Two
mathematical models, the Universal Soil Loss equation and an infiltration equation
used by Linsley et. al. (1992), were utilized to determine the amount of soil
particles transported in ephemeral washes during storm events. The models
provided information concerning the transport of contaminated sediments in
overland flow caused by storms.
Sediment Transport
The water infiltration rate of the soil was calculated by using an equation from
Linsley, Franzini, Freyberg, and Tchobanoglous (1992).
Equation #1
j
W = (P-R)/tR
X - -
1. P = precipitation
2. R = runoff coefficient
3. IR = duration of event
4. W = average infiltration rate
P and IR are measured values while R can be calculated by using the following
equation:
Equation #2
K = runoff coefficient
P = precipitation
K was obtained from Linsley, Franzini, Freyberg, and Tchobanoglous (1992). The
Universal Soil Loss Equation (modified) illustrated by Baver et al. (1972) is as
follows:
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Equation #3
A = RKLS
A = mass of soil lost from a unit area (per tons per acres)
R = rainfall, after accounting for the average infiltration rate
K= credibility of the soil
SL = slope length factor
Although the Universal Soil Loss Equation was developed to model the loss of
soils from agricultural fields, it is also appropriate to use for the modeling of
sediments in tons per acres when modified (Baver et al., 1972).
Laboratory Procedures
Glassware
All glassware was washed with soap and water, rinsed with distilled
deionized water andsoaked soaking in 10% trace metal grade nitric (HNOs) acid
i
for ten minutes. Subsequently, it was transferred to trace metal grade 10%
hydrochloric acid (HC1) bath and soaked for an additional ten minutes. Finally, it
was rinsed with reverse-osmosis (RO) water, then with distilled deionized water
(DDI) and placed on clean paper towels to dry.
Digestion Procedure
A 0.625 gram subsample of each soil sample was digested for total
concentration analysis on the graphite furnace-atomic absorption
spectrophotometry (GFAA) according to EPA Method 3050 modified for a 0.625
gram sample. The subsample was removed from the homogenized bulk samples
using disposable plastic spoons, transfered to a tarred 150 ml beaker and weighed
to the nearest 0.001 gram. The remaining samples were returned to the
refrigerator. A batch of samples consisted of up to 12 samples. Each batch
included a method blank (MB) and a liquid laboratory control sample (LCS). The
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MB contained DDI and the appropriate amounts of all acids used in the digestion
procedure. The LCS was the same as the MB, but it was spiked with 1.00 mL of a
solution containing As and Pb at 150 mg/L and 170 mg/L, respectively.
The beakers were covered with a watch glass and heated (reflux) at 95°C
for 15 minutes on a hot plate. During weighing, one sample in a batch was
duplicated and designated a matrix spike (MS). It was spiked with a solution of
170 mg/L of lead and 150 mg/L of arsenic after the initial addition of HNOa.
When the first heating was complete (15 minutes), samples were removed from the
hot plate and allowed to cool. Subsequently, 3.13 mL of concentrated HNOs was
added and the mixture refluxed for 30 minutes. This step was repeated again.
After the second heating of 30 minutes, the samples were cooled and 2.5 mL of
30% hydrogen-peroxide (HaOa) was added dropwise (with care) to each sample.
Following the addition of the,H202, samples were placed on a hot plate and heated
until the effervescence stopped. This process was repeated and then the samples
•—-
were cooled to room temperature («25°C). After cooling, the digested samples
were brought up to volume (125.0 mL) and transferred to plastic bottles through a
#1 Whatman, medium-fast acid washed filter placed in a glass funnel. The bottles
were labeled with the appropriate sample number.
Toxicity Characteristic Leaching Procedure [TCLP] (EPA Method 1311)
The pH of the soil was determined by combining five grams of soil with
96.5 mL of DDI water in a 150 mL beaker. The beaker was covered with a watch
glass to help prevent vapor from escaping. Then, the sample and fluid were stirred
with a Teflon® coated stir bar for five minutes, allowed to settle, and the pH of the
solution was measured by pH electrode. If the pH of the solution was below 5.0,
then 100 grams of sample were combined with 2 liters of a solution prepared from
22.8 mL of glacial acetic acid, 64.3 mL of IN sodium hydroxide (NaOH), and
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diluted to 2 liters with DDI water (TCLP fluid #1). The pH of the TCLP fluid #1
was 4.93 ±0.05, as stated in EPA Method 1311. The pH of the soil was important
so that the appropriated amount of buffer was added to the soil in the TCLP fluid.
This ensured that the solution, while turning in the rotator, maintained a reletive
constant pH of 7 ± 2.
Once the pH of the soil was determined, the appropriate extraction fluid
was added to 100 grams of soil in a two liter polyethylene Nalgene® bottle with
two liters of the determined extraction fluid (TCLP fluid #1) and placed in a
rotator for 18 ± 2 hours. After rotation, about 250 ml of the TCLP extract was
filtered into a 250 ml polyethylene Nalgene® bottle through a funnel containing a
Whatman GF/F, membrane, the pH was checked once more, and the sample
preserved with concentrated HNOa to below pH 2.
Once the TCLP extracts were filtered and preserved, they were subjected
to digesdon (EPA method 3050). Ten ml of the TCLP extract was added to a 250
ml beaker with 1 mL of 1:1 HNOa and 2 mL of H202- Both the labortory control
sample (LCS) and matrix spike (MS) were spiked with 1 mL of a solution
containing 170 mg/L of Pb and 150 mg/L of As in 2% HNOa. The samples along
with the LCS and MS were heated to 95°C for two hours and then cooled. Once
cooled, DDI water was added and the solution was brought up to volume (100
mL), transferred to a 150 mL plastic bottle and, finally, labeled with the
appropriate sample number.
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Analysis
^
All samples were analyzed for arsenic and lead by graphite furnace-atomic
absorption spectrometer (GFAA). Instrumental analysis of samples was performed
at Lockheed-Martin Analytical Laboratory in Las Vegas, NV by the author •
between the months of July and December 1996.
Digested samples were analyzed with a Perkin Elmer™ 5100, GFAA.
Analytical spike recoveries were used to determine the degree of physical or
chemical interference observed during analyses. All analyses were performed
according to the United States Environmental Protection Agency Statement of
Work for Inorganic Low/Medium 3.0 solid sample analyses. Once samples were
loaded into the auto-sampler, the capillary tube was checked while entering the
GFAA to make sure the sample was delivered onto the graphite (Lvov) platform
-•
from a height of approximately 1 mm, to prevent splashing. The instrument was
calibrated starting with a blank (auto-zeroed) and followed by a series of four
samples (standards) to generate a curve.
The instrument was programmed to automatically post spike each sample,
after it was analyzed, with 8 uL of a 40 ppb solution of arsenic and lead with 20
jiL of sample and re-analyzed to calculate the standard recovery of an analyte in
samples. The post spikes were prepared by adding 0.4 mL of a 1000 ppm solution
with the desired element to one liter of 2% HNOs, giving a final concentration of
40 (ag/L of the desired element.
Sample identification numbers were entered into the computer prior to the
analysis of each sample batch. Table 4 lists the samples ran prior to the analysis of
the soil samples:
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Table 4: Calibration standards for GFAA
w Blank DDI waterStandard 1 25 mg/L of a known solution
Standard 2 50 mg/L of a known solution
Standards 100 mg/L of a known solution
Standard 4 200 mg/L of a known solution
'ICV Initial Calibration Verification
ICB Initial Calibration Blank
CCV Continuing Calibration Verification
CCB Continuing Calibration Blank
Once the instrument was calibrated, a hard copy of the results was
generated with a graph of the standard curve. The computer software then fit a
linear equation to the curve. For the calibration curve to be acceptable, the
correlation coefficient had to be at least 0.995 or greater (Analytical Methods for
AAS, 1992). Once the calibration curve was determined, all subsequent samples
were run and results obtained using the curve.
j
Quality Control/Quality Assurance
Quality control procedures were used to evaluate the quality of the
analytical data and to determine if any corrective action was necessary. Each batch
of samples was followed by a CCV and CCB that were required to be within
control limits set by the protocol of the analysis (United States Environmental
Protection Agency [EPA], 1986; Techniques in Graphite Furnace AAS, 1985).
For example, if precision of the ICV and CCV were out of the control limits due to
mechanical or human error, analyses were stopped until the problem was
corrected. Then the instrument was re-calibrated before analyses were repeated.
L
CHAPTER 4
RESULTS AND DISCUSSION
This chapter presents data on the concentrations of arsenic and lead in the
soil samples and rainfall data from the current study and, for comparison, data on
arsenic and lead determined during three prior field studies. Samples for this thesis
were gathered during June 1996 and February 1997. Following the presentation of
results, a discussion of the possible mechanisms of deposition and movement of
contamination will be given. -
v_
Concentrations of Arsenic and Lead
Sample results are shown in Tables 5 and 6. Background samples (TKM-
1, 2, 3, and 45) ranged between 20 and 30 mg/kg for arsenic and 170 and 770
mg/kg for lead. The two areas used for background were chosen because of their
location on opposites sides of Three Kids Mine. The State of Nevada actions
standards are exceeded for arsenic (80 ppm, mg/kg) in 12 of the samples and for
lead 26 of the samples exceeded the states action standards of 200 ppm (mg/kg).
Total concentrations of arsenic and lead in the Three Kids Mine study area
show two areas of migration, the eastern and northwestern sides of the (see Map
7; see Figures 3 through 6). Sample collection on the eastern side of the site
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consisted of sixteen samples from within a drainage originating in the River
Mountains and continuing down gradient through the mine site to Las Vegas
Wash, some 1.2 miles (samples 4-12, 27-33). Six samples were taken from the
north side of Lake Mead Drive with the remaining ten from the south side (mine
side) beginning above the apparent visual contamination and continuing northward
to Lake Mead Drive. Sample 27 contained 40 mg/kg of arsenic and 600 mg/kg of
lead. Sample 7 was gathered from within an area where storm water down cut
into the east side of Pond-B. This sample (#7) contained the highest level of
arsenic at 1130 mg/kg and the highest lead concentration at 8400 mg/kg for lead
for the eastern side of the mine. The down cutting from storm events at sample
location 7 indicated that sediments containing arsenic and lead are being eroded
j
and transported down gradient (see Figure 5 and 6). Samples taken down gradient
v_
from sample location 7 (samples 8-12, 30-33)have higher levels of arsenic and lead
than those samples taken above sample location 7, however, concentrations
decreased to 70-20 mg/kg for arsenic and 660-210 mg/kg for lead within
approximately 100 meters down stream from sample location 7. Samples taken
adjacent to the highway on the eastern side of the mine indicate no increase in
concentration of lead, however, sample 11 had a concentration of 400 mg/kg of
lead that may be the result of contaminates that washed down the eastern wash.
This slight increase of lead in sample 11, for example, may be the result of an
isolated concentration of contaminated soil which washed down from pond-B.
41
TABLE 5: Analytical Results For Arsenic From Three Kids Mine-19%
-
ID *
TKM-1
TKM-2
TKM-3
TKM t^
TKM-5
TKM-6
TKM-7
TKM-8
TKM-9
TKM-10
TKM-1 1
TKM-1 2
TKM-1 3
TKM-1 4
TKM-1 5
TKM-1 6
TKM-1 7
TKM-1 8
TKM-1 9
TKM-20
TKM-21
TKM-22
TKM-23
TKM-24
TKM-25
TKM-26
TKM-27
TKM-28
TKM-29
TKM-30
TKM-31
TKM-32
TKM-33
TKM-34
TKM-35
TKM-36
TKM-37
TKMJ8
TKM-39
TKM-40
TKM^H
TKM^2
TKM-43
TKM^4
TWVW5
3K2-QA
3K3-QA
Total-As (mg/kg)
30
30
20
40
90
120
1130
70
170
20
50
340
350
260
490
170
10
8
20
10
10
10
30
270
370
230
40
30
30
30
20
20
20
20
30
20
20
10
20
20
20
30
30
30
20
1010
660
SO
±5
±5
±1
±5
±10
±10
±40
±20
±1
±1
±10
±1
±10
±1
±10
±1
±1
±1
±5
±1
±1
±1
±1
±20
±10
±30
±1
±1
±1
±1
±1
±1
±1
±1
±5
±5
±1
±1
±5
±5
±5
±1
±5
±1
±5
±40
±30
Pb/As ratio
11
25
24
15
11
10
7
9
3
8
8
5
8
9
8
10
5
8
26
5
3
3
15
4
4
10
17
18
17
8
8
8
9
2
1
1
2
2
1
1
2
15
13
15
7
1
2
|TCLP-As(mflA.)|
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
2
1
2
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
O.5
<0.5
<0.5
0.5
0.5
0.5
0.5
O.5
O.5
0.5
O.5
0.5
0.5
0.5
O.5
0.5
0.5
O.5
O.5
O.5
O.5
0.5
0.5
O.5
O.5
O.5
O.5
0.5
O.5
4
3
SO
±1
±10
±1
±1
±2
I?
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Samples taken adjacent to Pond-A indicate a different pattern of
contaminant migration. Samples taken at the base of the dike/levee have higher
concentrations of arsenic and lead (i.e., 170 to 490 mg/kg for arsenic and 1790 to
3790 mg/kg for lead), however levels of arsenic and lead decreased in
concentration as distance increased from Pond-A (see Map 7 and Figures 3 and 4).
This pattern is identical to that of the wash on the eastern side of the site, however,
unlike the wash on the eastern side of the site, there are no large drainages which
could contain substantial flow during storm events. The pattern of migration
indicates that concentrations of arsenic and lead dramatically decrease, by a factor
of four, with distance from Pond-A.
Arsenic concentrations ranged between 10 mg/kg at the southwestern edge
j
of Pond-A to 490 mg/kg at the base of the dike/levee, and decreased to 10-30
•—.
mg/kg on the north side of Lake Mead Drive (see Map 7). Lead concentrations
ranged between 30 mg/kg on the southwestern edge of Pond-A, 3790 mg/kg at the
base of the dike/levee, and decrease to 20 mg/kg on the north side of Lake Mead
Drive (see Map 7). The elevated concentrations at the base of the levee are the
result of erosion of the levee during storm events. There are, however, isolated
spots with elevated levels of both arsenic and lead, which may be the result of
aeolian deposition from Pond-A.
Of the 45 samples gathered by the author (see Tables 5 and 6), only five
samples have levels X).5 mg/L of TCLP "teachable" arsenic and fifteen had levels
> 0.2 mg/L for TCLP leachable lead. No samples exceeded the TCLP leachable
standards set by the State of Nevada. Leachable arsenic is present in sample 7 (2
44
*,
'(^210/20
^®^{(|20p/20-'nCM"32
' 2 1 0 / 3 0 TTCM-30
&
^^^25^*^^ '• ),r-''r'^v^>l
gS&^TQTKte^™™*
^^sT \ ^i:r//Wff,»l/I^-i^ia:
TKM-7.5^TKM^»
8400/113011200/120
V--
- > " • " - : " ^ '
20/20 TKM-40? . HENDERSON. NV
PHOTOREVISED 1983
ENUUIGEDBY150H
1:16,000
TKM^l V
Map 7: Sample Locations by Concentratioa
IFIGURE 3: Arsenic Concentration as a function of Distance from Sample 13; Western Wash
500
Sampla 38 Sample 38 Sampla 34 BampJe 18
cs co *- •* co r-
««• in r- o o T-
Distance from Sample Location 13 (m)
FIGURE 4: Lead Concentration ai a Function of Distinct from Sample 13; Western Wash
4000
3500 -
3000 -
£>
•5
2500 -
2000 -
I
1500 -
1000 -
500
S
Distance from Sample Location 13 (m)
-t-
C
I I
FIGURE 5: Arsenic Concentration as a Function of Distance from Sample 7; Eastern Wash
1200
Sample 11 Swnpte 30 Sample 37
O J_ SamptelZ Sampte31 SampteS
Distance from Sample Location 7 (m)
IFIGURE: 6: Lead Concentration as a Function of Distance from Sample 7; Eastern Wash
9000
Samp* 28 Sample
« ample 29 Sample 27 P* Sample 9 Sample 11 Sample 30 Sample 32
Sample 10 _I_ Sample 12 Sample 31 Sample 3i
Distance from Sample Location 7 (m)
oo
49
mg/L), located on the eastern wash on the east side of the site. Samples 8 and 9
also contained 1 mg/L and 2 mg/L, respectively, of leachable arsenid, however,
concentrations of leachable arsenic decreased to <0.5 mg/L by sample location 10.
TCLP leachable lead appears in sample 2, designated a background sample,
while no leachable lead is present in sample (background) 45. Unlike with arsenic,
TCLP leachable lead also did not appear in sample 7, however, it is present in
samples 8 (1 mg/L), 9 (2 mg/L), and 11 (1 mg/L) located down gradient. TCLP
leachable lead appears in two additional samples (samples 19 and 23) and may be
the result of aeolian deposition. Both QA/QC samples (two aliquots from the
same sample) taken from Pond-A had TCLP leachable values of 4 and 3 mg/L for
arsenic and <0.2 mg/L for lead. Sample 3k2-Q and 3k3-Q were compared to
.»
those samples collected by the BOR, which are duplicate samples collected by
BOR but digested and analyzed by the author. These samples indicate no
difference in TCLP levels in Pond-A.
When lead to arsenic (Pb:As) ratios were performed, two distinct patterns
were visible. First, the eastern wash contained a 19:1 ratio of Pb:As for samples
29 and 28. Then, as samples continued down gradient from samples 29 and 28
ratios steadily decreased to 3:1 (Pb:As) at sample location 9. However, beginning
at sample 10, the Pb:As ratio increased to between 5:1 and 11:1 such as at sample
33 which had a ratio of 11:1. This increase in Pb:As down gradient may be the
result of mixing of soils from the eastern wash and the volcanic hills that border the
west side of the bottom portion of the eastern wash. The high ratio of Pb:As on
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the upper end of this wash may also be the result of mixing from volcanic soils
which dominate this section of the site.
Another pattern observed was on the western side of the site where the
drainages originate from loosely consolidated alluvium fans. The ratio of Pb:As at
samples 41, 40, and 39 is 1:1 with the ratio increasing steadily as samples were
taken down gradient and approaching the evaporation ponds. Samples taken
down gradient and on the north side of Lake Mead Drive have ratios between 10:1
and 16:1. This increase of Pb:As on the lower portion (down gradient) of the
western wash may also be the result of mixing of the wash soils and soils eroding
from the volcanic outcroppings located on the northern end of the western wash.
j
Precipitation at the Three Kids Mine
The five rain gauges placed throughout the site were routinely monitored
over a six month period [April, 1996 through September, 1996] (see Map 6 and
Table 7). After each storm event, readings were taken from each gauge and then
averaged. The average rainfall was applied to the entire site so that an estimate of
total sediment transport could be obtained. Data collected indicate that rainfall in
this area usually occurs in 0.01 inch events. Such low rainfall (0.01 inches)
produces little, if any, overland flow.
During the monitoring, one major precipitation event occurred on July 15,
1996. During this storm, approximately 0.23 inches of rain fell in less than twenty
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TABLE 7: RAINFALL; APRIL THROUGH SEPTEMBER-1996
DATE
5/25/96
5/25/96
5/25/96
5/25/96
5/25196
GAUGE #
5
4
3
2
1
RAINFALL * AVE./EVENT * COMMENTS
0.04 No overland flow observed
0.04
0.03
0.03
0.05 ' 0.038
DATE
5/26/96
5/26/96
5/26/96
5/26/96
5/26/96
GAUGE #
5
4
3
2
1
RAINFALL * AVE./EVENT * COMMENTS
0.08 No overland flow observed
0.09
0.08
0.1
0.07 0.084
DATE
7/1 1/96
7/11/96
7/11/96
7/11/96
7/11/96
GAUGE #
5
4
3
2
1
RAINFALL * AVE./EVENT * COMMENTS
0.02 No overland flow observed
0.05
0.06
0.04
0.02 0.038j
DATE
7/15/96
7/15/96
7/1 5/96
7/15/96
7/15/96
GAUGE #
5
4
3
2
1
RAINFALL * AVE./EVENT * COMMENTS
0.24 Isolated overland flow observed
0.22
0.26
0.19
0.24 0.23
Rainfall is in inches
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minutes. Three Kids Mine covers approximately 470 acres of both private and
public lands. Therefore, this single storm event produced an average of about 39,
308 ft3 of rain over the 470 acre site. This amount of water may potentially have
transported large quantities of sediments containing arsenic and lead adsorbed to
the surfaces of soil particles down gradient. A mathematical model of such an
occurrence is presented in the following section.
Sediments Transport
During the storm event on July 15, 1996, an average of 0.23 inches of
precipitation fell in less than 20 minutes, which is equivalent to an average of
39,308 ft3 of water over the entire site. The runoff coefficient value for K in the
i
sediment transport model is 0.47 (dimensionless),very fine sandy loam (Novotny
and Chesters, 1981). Therefore using the precipitation value of 0.23 inches for
July 15, 1996 and a value of 0.47 for for W (see Eq. #1), R is calculated to be
0.1081 (see Eq. #2). Subsequently, the amount of infiltration was determined as
follows:
W =0.23 in.-0.1081 in.
0.33 hr
Therefore, an average infiltration of 0.37 in./hr for this event was determined. The
Universal Soil Loss Equation was utilized to model the amount of sediments, per
ton-per acre, transported down gradient during such an event using this equation,
as presented in equation 3:
53
A = (0.37 in./hrVx (0.47) x (0.3) v 1 ton per acre
1 lin./hr
A = 0.063 tons per acre
The calculated value for A suggests that 0.052 tons of sediments per acre for this
event or 0.052 tons per acre multiplied by the area of the site (470 acres) yields a
total of 24.5 tons of sedment for the entire site. These sediments probably
contained significant amounts of arsenic, lead, and other contaminants, which were
transported down gradient in overland flow. Undoubtedly, some of the 24.5 tons
of sediments moved by 0.23 inches of rainfall via the ephemeral washes. This
transported sediments may have contained elevated levels of arsenic and lead due
to soil-particle-sorption. A single event twice the size of the July 15, 1996 event
,/
may produce enough contaminated sediments to be transported in overland flow,
potentially posing a health threat to near by communities. Furthermore, over time
as a result of precipitation events like those that occurred in 1982, when Hoover
Dam's flood gates were open for the first time in the history of the dam (Genson,
1996), large quantities of soil could be transported down gradient to developed
areas.
Sample data in Tables 5 and 6 (see Figure 3 through 6) indicated there was
minimal migration of arsenic or lead across Lake Mead Drive towards the Lake
Las Vegas development. Sorption of arsenic and lead to soil particles is most
likely the "predominant" means of transportation in the area of Three Kids Mine.
Additionally, as distance from the mine increases, levels of arsenic and lead
decreased (see Figures 3 through 6). Although it is clear that some movement has
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occurred, migration by dissolution is probably non-existent due to low annual
rainfall.. Studies by Envirocon and the BOR (1991 through 1995) also suggest
limited migration of other heavy metals has occurred (e.g. Figures 3 through 6).
CHAPTER 5
CONCLUSION
It appears that sediments originating from the evaporation ponds off of the
Three Kids Mine property. Most notably, there are fairly high levels of lead and
arsenic (as high as 1170 ppm Pb and 370 ppm As) in soil across Lake Mead Drive
in the wash down gradient from the tailing piles located on the western portion of
the site. Although this increase of arsenic and lead is significant, there are
>
background concentrations of lead in 26 samples and arsenic in 12 samples which
exceed the action limits set by the State of Nevada. On the down gradient sides of
the western and eastern washes, a mixing of both concentrated lead by milling and
naturally occurring lead appears to be present as indicated by high levels of lead
and arsenic found in those samples taken at the lower end as well as from the
background samples gathered from the northern side of the site. Finally, despite
the fact that arsenic and lead contaminated sediments have negatively impacted the
soils and environment near Three Kids Mine and could potentially pose a
significant health risk, the likeness of this is relatively low.
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Futture Study
Additional studies that may enhance the current research include a study of
wind patterns, soil bulk density, and soil particle size at Three Kids Mine to
evaluate the aeolian transport of contaminated sediment. A study of the speciation
of arsenic, lead, and selenium at Three Kids Mine and their adsorption to
manganese (MnO2) would provide information concerning their transport down
gradient from Three Kids Mine. Additionally, a study of the cation and anion
capacity of the soil would provide information concerning adsorption of heavy
metals at this site. Finally, an investigation into the possible residual of petroleum
hydrocarbons in the evaporation ponds would add to the general knowledge of the
contamination at Three Kids Mine.
APPENDIX I
Mathematical Modeling Equations
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Universal Soil Loss Equation
A = RKLSCP
• A = mass of soil lost from unit area per year
• R = erosive character of the rainfall
• K = erodibilty of the soil
• L, S, C, and P = gives the ratios of soil loss under known conditions of slope
length, steepness of slope, cropping management, and erosional control
practices to soil loss under certain conditions.
R can be calculated as EEI where E is the kinetic energy of rain from a storm. I is
the intensity of that rain (depth/hr). The erodibilty K, is the soil lost per unit El of
known dimensions. This can be obtained as an average value since the amount of
soil lost per unit El varies by storm. Slope length, L, is the ratio of soil loss from
the given length of a slope to a slope length that is of a standard plot. The factor
slope S, is the ratio of soil loss from a given slope to the standard (9%). Factors C
and P for cropping management and special control practices cover the ways that
erosion can be altered by anthropogenic activities (Baver, Gardner, and Gardener,
1972).
Linsley. Franzini. Freyberg. and Tchobanoglous (1992)
W = (P-R)/tR
1. P = precipitation
2. R = runoff coefficient
3. ta = duration of event
4. W = average infiltration rate
P and tR were known values while R is calculated by using the following equation:
R = KP
K = runoff coefficient
P = precipitation
APPENDIX
Total Soil Digestion
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TOTALS
Date
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
6/15/96
Sample ID
LCSW-1
MB-1
3K3Q
TKM-11
TKM-12
TKM-15
TKM-16
TKM-17
TKM-17D
TKM-17MS
TKM-18
TKM-20
TKM-23
TKM-5
Sample
voLg
125
0.6250
0.6888
0.6221
0.6297
0.6361
0.6515
0.6306
0.6280
0.6287
0.6562
0.6902
0.6585
0.6568
Acid
vol. ml
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
Spike voL
ml
2(1-25)
.
.
.
.
.
.
.
.
2(1-25)
-
-
-
-
Final
volml
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
Initial
color
.
.
Black
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Final
color
Clear
Clear
Yellow
Clear
Clear
Cloudy
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Texture/
Clarity
.
-
Fine
Medium
Medium
Medium
Medium
Medium
Clear
Medium
Medium
Medium
Medium
COQUDCflt
As,Pb
Al,Pb
MPb
MPb
Aa,Fb
As, Ft
A*.Pb
A»,pb
As,Pb
As, Pt>
A*.Pb
As,Pb
As.It>
Ai,Pb
Color Yellow, Orange, Brown, Colorless, Red
Clarity: Clear, Cloudy, Opaque D: Duplicate
Spike: As 150, Pb 170 mg/L
Texture: Fme(powdery), Medium (sandy w/ DO pebblea), Coane (rocky)
MS: Matrix Spike
TOTALS
Date
6/16/96
6/16/96
6/16/96
6/16/96
6/16/96
6/16/96
6/16/96
6/16/96
6/16/96
6716/96
6/16/96
6/16/96
6/16/96
6/16/96
Sample ID
LCSW-2
MB-2
3K2Q
TKM-14
TKM-19
TKM-24
TKM-24D
TKM-24 MS
TKM-23
TKM-26
TKM-6
TKM-7
TKM-*
TKM-9
Sample
vol.g
125.0
0.625
0.6347
0.6825
0.6177
0.6301
0.6253
0.6287
0.6212
0.6334
0.6530
0.6520
0.6801
0.6574
AcidvoL
ml
12.5
12.5
12.5
'12.5
12.5
12.5
12.5
12.5
12.5
Ii5
12.5
12.5
12.5
12.5
Spike
voLml
2(1.25)
.
.
-
-
.
.
2(1.25)
.
.
.
.
-
-
Final
voLml
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
Initial
color
.
.
Black
Brown
Diuwn
Brown
Brown
Brown
Brown
Brown
Diowu
Brown
Brown
Brown
Final
color
Clear
Clear
Yellow
Clear
Clear
Yellow
Yellow
Yellow
Clear
Clear
dear
Clear
Clear
Clear
Texture/
Clarity
.
.
Fine
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Comas*
As,Pb
A»,Pb
As,Pb
As,Pb
A«,Pb
As,Pb
As,Pb
As,Pb
As,Pb
As,Pb
A*. PI)
MPb
As,Pb
Ai,Pb
Color Yellow, Orange, Brown, Colorless, Red
Clarity: Clear, Cloudy, Opaque D: Duplicate
Spike: As 150, Pb 170 mg/L
Texture: Fine(DowderyX Medium (sandy w/ no
MS: Matrix Spike
pebblesX Coarse (rocky)
TOTALS
Date
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
6/22/96
Sample ID
LCSW-3
MB-3
TKM-1
TKM-10
TKM-13
TKM-2
TKM-21
TKM-22
TKM-22 D
TKM-22 MS
TKM-3
TKM-4
Sample
voLg
123.0
0.625
0.6303
0.6554
0.6682
, 0.6492
0.6683
0.6708
0.6660
0.6293
0.6718
0.6400
Acid vol.
ml
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.3
12.5
12.5
12.5
12.5
Spike
voLml
2(1.25)
.
.
.
.
.
-
-
2(1.23)
-
-
Final
voLml
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
123.0
125.0
125.0
123.0
Initial
color
.
.
Brawn
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Final
color
Clear
Cfcar
Yellow
Clear
Clear
Yellow
Clear
Clear
Clear
Clear
Clear
Clear
Texture/
.Clarity
-
-
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Comment
Aa.Pb
MPb
At,Pb
MFb
Aa,Pb
Ai,Pb
A»,Pb
MPb
At,Pb
At,Pb
Aa,H>
At,Pb
Color Yellow, Orange, Brown, Colorlen, Red
Clarity: Clear, Cloudy, Opaque D: Duplicate
Spike: As 150, Pb 170 mg/L
Texture: Fme(powdery), Medium (sandy w/ no pebble»X Coarte (rocky)
MS: Matrix Spike
TOTALS
Date
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
Sample ID
MB
LCS
TKM-27
TKM-28 .
TKM-29
TKM-30
TKM-3 1
TKM-32
TKM-33
TKM-34
TKM-35
TKM-36
TKM-36D
TKM-36MS
TKM-37
TKM-38
TKM-39
TKM-tO
TKM-4 1
TKM-42
TKM-43
TKM-44
TKM-45
Sample
voLg
123.0
0.6220
0.6301
0.6530
0.6643
0.6491
0.6381
0.6163
0.6447
0.6618
0.6423
0.6210
0.6410
0.6415
0.6831
0.6617
0.6351
0.6628
0.6516
0.6749
0.6381
0.6551
0.6164
AcidvoL
ml
12.3
12.5
12.5
12.5
12.5
12.5
12J
12.5
12.5
12.5
12.5
42.5
12.5
12.5
12.5
12.5
12J
12.5
12.5
12.5
1X5
12.5
12.5
Spike
voLml
2(1.25)
-
-
-
-
-
-
-
-
-
-
-
-
2(1.25)
-
-
-
-
-
-
-
.
-
Final
vol mi
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
123.0
125.0
123.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
125.0
Initial
color
-
.
Brown
Brown
Brown
Brown
DftiWn
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Brown
Final
color
Clear
Clear
Yellow
Clear
Clear
Yellow
Clear
Clear
Yellow
Clear
Clear
Clear
Clear
Clear
Clear
Clear
dear
Clear
Clear
Clear
Clear
Clear
Clear
Texture/
Clarity
.
.
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Comment
Aa.Pb
Aa.Pb
Af,Pb
Ai,Pb
A»,Pb
As,Pb
At,Pb
A»,Pb
At,Pb
A*,Pb
As.Pb
A>,Pb
A*,Pb
MPb
At,Pb
Ai,Pb
Ai,Pb
As,Pb
Ai,Pb
As,Pb
Ai,Pb
As,Pb
Aa,Pb
Colon Yellow, Orange, Brown, Colorless, Red
Clarity: Clear, Cloudy, Opaque D: Duplicate
Spike: Ai 150, Pb 170 mg/L
Texture: Fine(powdery), Medium (sandy w/ DO pebbles). Coarse (rocky)
MS: Matrix Spike
APPENDIX
TCLP Digestion and Extraction Forms
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TCLP Digestions
Date
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/10/96
7/70/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
7/20/96
Sample ID
MB
LCS
TKM-5
TKM-6
TKM-7
TKM-7D
TKM-7MS
TKM-13
TKM-14
TKM-15
TKM-16
TKM-24
TKM-26
3K2Q
3K3Q
MB
LCS
TKM-1
TKM-1D
TKM-1MS
TKM-2
TKM-3
TKM-4
TKM-8
TKM-9
TKM-10
TKM-11
TKM-12
TKM-17
TKM-18
TKM-19
TKM-20
TKM-21
TKM-22
TKM-23
TKM-25
Sample AcidvoL Spike Final
voL(mi) ml voLml vol. ml
10
.
10
10
10
10
10
10
10
10
10
10
10
10
10
10
-
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
too
1 100
100
100
100
100
1 100
100
100
100
too
100
100
100
100
100
1 100
100
100
1 100
100
100
100
100
100
100
100
100
100
too
100
100
100
100
100
100
Initial
color
Colorless
N/A"'
Colorless
Colories*
Colorless
Colorless
Colorless
Coloriea
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
N/A
Colorless
Colorless
Colorless
Colories
Colorless
Coloriess
Coloriess
Coloriea
Coloriess
Coloriea
Coloriess
Colorless
Coloriess
Coloriess
Coloriea
Coloriess
Coloriess
Coloriess
Colorless
Final
color
Coloriess
Colorless
Coloriess
Coloriess
Coloriess
Coloriess
Coloriess
Colories*
Coloriea
Colorless
Coloriess
Coloriea
Coloriea
Coloriea
Coloriess
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Colorless
Coloriea
Colorless
Colorless
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Colorless
Coloriea
Coloriea
Texture/
Clarity
Clear
Clear
Clear
Clear
Clear
Clear
Clear
dear
Clear
Clear
Clear
Clear
dear
Clear
Clear
Clear
dear
Clear
Clear
dear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Comment
As, Pt>
A*,Pb
Ai,Pb
Af.Pt>
As,Pb
At,Pb
Ai,Pb
MFb
A*,Pb
As,Pb
Ai,Pb
As.P1>
As,Pt>
At. I*
As,Pb
At,Fb
As,Pb
As,H>
A«,Pb
At,Pb
At,Pb
As,Pb
As,Pb
At, Ft
At,Pb
At,Pb
At, PI)
As,Pb
As,Pb
As,Pb
As,Pb
At,Pb
As,Pb
As,Pb
At,Pb
A«,Pb
Color Yellow, Orange, Brown, Coloriea, Red
(rocky)
Clarity. Clear, Cloudy, Opaque D: Duplicate
Spike: _As ISO. Pb 170 mg/L
Texnire: Fme(powderyX Medium (sandy w/no pebblesX Coarse
MS: Matrix Spike
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TCLP Digestions
Dale
2/02/97
2/0197
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
2/02/97
Sample ID
MB
LCS
TKM-27
TKM-28
TKM-29
TKM-30
TKM-31
TKM-32
TKM-33
TKM-34
TKM-35
TKM-36
TKM-36D
TKM-36MS
TKM-37
TKM-38
TKM-39
TKM-40
TKM-41
TKM-42
TKM-43
TKM-44
TKM-45
Sample AcidvoL Spike Final
vol. (ml) ml voL ml voL oil
10
.
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
100
I 100
100
100
100
100
100
100
100
100
too
100
100
1 100
100
100
too
100
100
100
100
100
100
Initial
color
Colorless
N/A
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Final
color
Colorless
Coloriea
Cotorien
Coloriea
Coloriea
Colorless
Colorless
Colorless
Colorless
Colorless
Colorless
Coloriea
Colorless
Coloriea
Coloriea
Colorless
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Coloriea
Texture/
Clarity
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Comment
MPb
MPb
MPb
MPb
MPb
MPb
MPb
MPb
MPb
MPb
MFb
MPb
MFb
MFb
MPb
MFb
MPb
MPb
MFb
MFb
MPb
MPb
MFb
Color Yellow, Orange, Brown, Coloriea, Red
(rocky)
Clarity. Clear, Cloudy. Opaque D: Duplicate
Spike: At 150, Pt> 170 mg/L
Texture: Fme(powderyX Medium (sandy w/DO pebbles^ Coarse
MS: Matrix Spike
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TCLP EXTRACTION
Sample
ID
MB
S
solid
0
liquid
100
Initial
pH
-
Adjusted Extraction Sample
pH fluid weight (g)
1
Extr. fluid
weight (ml)
500
nnvriTti
• TCLPextntion
. fluid 1 was 114 ml of
Glacial Aceitic Acid
TKM-1
TKM-2
TKM-3
TKM-4
TKM-5
TKM-6
TKM-7
TKM-8
TKM-9
TKM-10
TKM-1 1
TKM-12
TKM-13
TKM-I4
TKM-15
TKM-16
TKM-17
TKM-18
TKM-19
TKM-20
TKM-2 1
TKM-22
TKM-23
TKM-24
TKM-25
TKM-26
3K2Q
3K3Q
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
ioo
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
7.69
8.09
8.83
8.82
8.28
8.76
8.49
8.33
8.13
8.61
8.84
9.01
7.76
8.03
7.74
7.86
9.30
9.43
8.68
8.21
9.19
8.56
8.65
9.26
9.04
8J3
8.58
8.14
3.02 1 100.11
1.71 1 99.98
3.14
1.87
2.15
2.16
2.20
1.89
2.00
1.62
153
1.83
2.30
2.17
2.24
1.95
2.13
2.25
2.03
2.62
2.64
2.48
2.19
"4.78
458
1.61
1.55
100.03
100.04
100.12
100.01
100.08
100.09
100.97
100.01
100.07
100.14
100.04
100.21
100.00
100.03
100.21
100.89
100.17
100.21
100.01
100.71
100.19
100.00
100.04
100.17
100 .23
100.34
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
and 5 1.44 g of
Sodium Hydroxide
dilhitheditt20Lof
type n(DI) water
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TCLP EXTRACTION
Sample
ID
MB
TKM-27
TKM-28
TKM-29
TKM-30
TKM-31
TKM-32
TKM-33
TKM-34
TKM-35
TKM-36
TKM-37
TKM-38
TKM-39
TKM-40
TKM-41
TKM-»2
TKM-43
TKM-44
TKM-45
%
solid
0
100
100
100
100
too
100
100
100 .
100
100
100
100
100
100
100
100
100
100
100
H
liquid
100
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Initial
pH
.
8.06
8.01
8.62
8.43
8J9
8.63
8.43
8.19
8.08
8.30
8.73
9.60
8.03
8.92
8.41
8.59
7.89
9.43
8.16
Adjusted Extraction Sample
pH fluid weight (g)
1
2.95 I 100.11
1.46 , 1 99.98
3.51
2.65
2.59
2.87
2.06
2.16
2J7
1.91
1.53
1.17
2.77
2.48
3.72
Zll
2.29
234
3.91
100.15
100.06
99.95
100.42
100.06
100.01
100.92
100.21
100.03
100.12
100.04
100.12
100.01
100.23
100.08
100.63
100.74
Extr. Quid
weight (ml)
500
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
CV"if i u iy i fl§
* TCLPexJntioa
fluid lw»» 114 ml of
Glacial Arctic Acid
and 5 1.44 g of
Sodium Hydroxide
dillutited in 20 L, of
type n (DI) water
APPENDIX IV
Analytical Results
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BUREAU OF RECLAMATION SAMPLING-1996
ID#
3K-1
3K-1Q
3K-2
3K-3
3K-4
3K-5
3K-6
3K-7
3K-8
Matrix
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Total-As (mg/kg)
92
78
2280
1020
490
510
320
360
21
TCLP-As (mg/L)
<0.5
<0.5
4.2
2.7
<0.5
0.56
0.84
<0.5
<0.5
Meth.
A, 8
A,B
A, B
A,B
A,B
A, B
A,B
A.B
A, B
Comments
ID#
3K-1
3K-1Q
3K-2
3K-3
3K-4
3K-5
3K-6
3K-7
3K-8
Matrix
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Total-Pb (mg/kg)
700
590
1740
1950
2470
5060
2700
2530
180
TCLP-Pb (mg/L)
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
Meth.
A,B
A,B
A,B
A.B
A,B
A,B
A,B
A,B
A,B
Comments
RAIN FALLL: APRIL THROUGH SEPTEMBER-1996
DATE
5125196
5125196
5/25/96
5125196
5/25/96
GAUGE #
5
4
3
2
1
RAINFALL*
0.04
0.04
0.03
0.03
0.05
AVE7EVENT * COMMENTS
No overland flow observed
0.038
DATE
5/26/96
5126196
5/26/96
5126196
5126196
GAUGE #
5
4
3
2
1
RAINFALL*
0.08
0.09
0.08
0.1
0.07
AYR/EVENT * COMMENTS
No overland flow observed
0.084
DATE
7/11/96
7/1 1/96
7/11/96
7/11/96
7/11/96
GAUGE #
5
4
3
2
1
RAINFALL*
0.02
0.05
0.06
0.04
0.02
AVE./EVENT * COMMENTS
No overland flow observed
0.038
DATE
7/1 5/96
7/15/96
7/15/96
7/15/96
7/15/96
GAUGE #
5
4
3
2
1
RAINFALL*
0.24
0.22
0.26
0.19
0.24
AVE7EVENT * COMMENTS
Isolated overland flow observed
0.23
Rainfall is in inches
72
Henderson Lead Site
SAMPLE # TCLP Pb (mg/L)
1141-SO-001 <1.0
1141-SO-002 <1.0
1141-SO-003 <1.0
1141-SO-004 <1.0
1141-SO-005 <1.0
1141-SO-006 <1.0
1141-SO-007 <1.0
1141-SO-008 <1.0
1141-SO-009 <1.0
1141-SO-010 <1.0
1141-SO-011 <1.0
1141-SO-012 <1.0
1141-SO-013 <1.0
1141-SO-014 <1.0
1141-SO-015 <1.0
1141-SO-016 <1.0
1141-SO-017 <1.0
1141-SO-018 <1.0
1141-SO-019 <1.0
1141-SO-020 <1.0
1141-SO-021 <1.0
1141-SO-022 N/A
1141-SO-023 N/A
1141-SO-024 N/A
1141-SO-025 N/A
1141-SO-026 N/A
1141-SO-027 N/A
1141-SO-028 <1.0
1141-SO-029 <1.0
1141-SO-030 <1.0
1141-SO-031 <1.0
1141-SO-032 <l.O
1141-SO-033 <1.0
TOTAL Pb
(mg/kg)
2270
1440
1540
133
104
1850
2590
221
251
431
280
144
255
197
204
1980
1040
124
110
119
161
N/A
N/A
N/A
N/A
N/A
N/A
440
387
87
63
201
193
TCLP As (mg/L)
2.6
1.8
2.2
1.3
1.1
1.8
1.9
1.1
<1.0
1.1
1.1
<1.0
<1.0
<I.O
<1.0
1.2
1.1
<1.0
<1.0
<1.0
1.1
N/A
N/A
N/A
N/A
N/A
N/A
l.l
1.2
<1.0
<1.0
<l.O
<1.0
TOTAL As
(mg/kg)
424
287
290
136
98
647
1120
61
44
81
53
59
56
42
41
251
130
20
16
15
15
N/A
N/A
N/A
N/A
N/A
N/A
48
48
23
11
18
13
LAKE LAS VEGAS PARKWAY SAMPLE RESULTS
SANPLE #
144101-SO-001
144101-SO-002
144101-SO-003
144101-SO-004
144101-SO-005
144101-SO-006
144101-SO-007
144101-SO-008
144101-SO-009
144101-SO-010
144101-SO-011
144101-SO-012
144101-SO-013
144101-SO-014
144101-SO-015
144101-SO-018
144101-SO-017
144101-SO-018
144101-SO-019
144101-SO-020
144101-SO-021
144101-SO-022
144101-SO-023
144101-SO-024
144101-SO-O25
144101-SO-026
144101-SO-027
144101-SO-O28
144101 -SO-029
144101-SO-030
144101-SO-031
144101-SO-032
144101-SO-033
144101-SO-034
144101-SO-035
144101-SO-036
144101-SO-037
144101 -SO-038
144101-SO-039
144101-SO-040
144101-SO-041
144101-SO-042
144101-SO-043
144101-SO-044
144101-SO-O45
144101-SO-046
SAM. LOCATION
GRID. # 001
GRID. #002
GRID. #003
GRID. # 004
GRID. # 005
GRID. #008
GRID. # 007
GRID. #008
GRID. #009
GRID #010
GRID. #011
GRID.#011(DUP.)
GRID. #012
GRID. #013
GRID #01 4
GRID. #01 5
GRID. # 016
GRID. #017
GRID. #01 8 .
GRID. #01 9
GRID. # 020
GRID. # 020 (DUP.)
GRID. # 021
GRID. #022
GRID. # 023
GRID. # 024
GRID. # 025
GRID. # 026
GRID. #027
GRID. # 028
GRID. #029
GRID. # 030
GRID #030 (DUP.)
GRID. # 031
GRID. #032
GRID. # 033
GRID. #034
GRID. # 035
GRID. #036
GRID. #037
GRID. #038
GRID. #039
GRID. # 040
GRID. # 040 (DUP.)
BERM B1
BERM B2
MAT.
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Sol)
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
TCLP-Pb (mjj/kfl)
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
145
11
0.5
<0.5
<0.5
1.2
«0.5
2.5
<Q.5
<0.5
0.7
<0.5
<0.5
4.7
<0.5
<0.5
25
5.7
1.4
<0.5
12
0.8
<0.5
19
1.5
54
43
5.8
0.6
<0.5
0.8
TOTAL-Pb (mo/kg)
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A ,
N/A
410
260
N/A
N/A
N/A
N/A
N/A
N/A
1200
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
790
N/A >
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
ANAL METH.
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A.B
A,B
A
A
A
A
A.B
A
A
A
A
A
A
A
A
A
A
A.B
A
A
A
A
A
A
A
A,B
A
A
A
A
COMMEMTS
Sample* taken by Envlrocon
Sample* takan by Envlrocon
Samples taken by Envlrocon
Sample* taken by Envlrocon
Samples taken by Envlrocon
Samplea taken by Envlrocon
Samplea taken by Envlrocon
Samplea taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samplea taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envtrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples takan by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envfrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples takan by Envlrocon
Samples taken by Envlrocon
144101-SO-047
144101-SO-048
144101-SO-049
144101-SO-050
144101-SO-051
144101-SO-052
144101-SO-053
144101-SO-054
144101 -SO-O55
144101-SO-O56
144101-SO-057
144101-SO-058
144101-SO-059
144101-SO-060
144101-SO-061
144101-SO-062
144101-804)63
144101-SO-Q64
144101-SO-065
144101-SO-068
144101-SO-067
144101-SO-068
144101-SO-069
144101-SO-070
144101-SO-071
144101-SO-072
144101-SO-073
144101-SO-074
144101-SO-075
144101-SO-076
144101-SO-077
144101-SO-078
144101-SO-079
144101-SO-080
1441 01 -SO-
081 A
1441 01 -SO-
081 B
1441 01 -SO-
082A
1441 01 -SO-
062B
BERM 83
BERM B4
BERM B5
BERM B6
BERM B7
BERM B8
BERM B9
BERM B10
BERMB11
BERM B12
BERM B13
BERM B14
BERMB15
BERM B16
BERMB17
BERM B18
BERM B19
BERM B20
BERM B21
BERM B22
BERM B23
BERM B23 (DUP.)
N10,200/E13,600
N10.100/E12,200
N10.500/E1 1,300
N10.700/E1 0,900
N10.000/E1 1,000
N9.800/E1 1,500
N9.500/E1 1,900
N9.700/E1 3,000
GRID. # 041
GRID. # 042
GRID. #043
GRID. * 044
N10.000/E1 3,300
N10.000/E13.300
N10.000/E13,200
N10.000/E13.200
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
<0.5
<0.5
<0.5
<0.5
38
3
<0.5
37
3.3
39
19
<0.5
81
84
60
69
16
140
37
1.5
25
16
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
37
2.4
<0.5
<0.5
500
190
5.7
34
N/A
N/A
N/A
N/A
3350
N/A
N/A
N/A
N/A
N/A
660
N/A
N/A
N/A
N/A
1300
N/A
N/A
N/A.
N/A
8320
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
4860
N/A
N/A
N/A
N/A
N/A
N/A
A
A
A
A
A.B
A
A
A
A
A
A,B
A
A
A
A
A.B
A
A
A
A
A,B
A
A
A
A
A
A
A
A
A
A
A
A
A
C
C
C
C
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
Samples taken by Envlrocon
APPENDIX V
Chain of Custody
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CHAIN OF CUSTODY RECORD
SAMPLE *
TKM-1
TKM-2
TKM-3
TKM-4
TKM-S
TKM-6
TKM-7
TKM-8
TKM-9
TKM-10
TKM-1 1
TKM-1 2
TKM-13
TKM-1 4
TKM-15
TKM-1 6
TKM-1 7
TKM-1 8
TKM-1 9
TKM-20
TKM-21
TKM-22
TKM-23
TKM-24
TKM-25
TKM-28
TKM-27
TKM-28
TKM-29
TKM-30
TKM-31
TKM-32
TKM-33
TKM-34
TKM-35
TKM-36
TKM-37
TKM-38
TKM-38
TKM-40
TKM-41
TKM-42
TKM-43
TKM-44
TKM-45
SAMPLE DATE
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
06/01/96
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/02/97
02/0297
02/02/97
TIME
08:00
08:15
08:30
09:05
09:10
09:15
09:20
09:30
09:35
09:40
09:55
10:00
10:15
10:20
10:30
10:35
10:50
11:00
11:15
11:20
11:30
11:35
11:40
11:45
11:50
12:00
06:03
06:10
06:16
06:26
06:34
06:39
06:45
07:14
07:19
07:26
07:34
07:38
07:52
07:58
08:06
08:18
08:24
08:29
08:34
PRES.
None
Nora
None
Nona
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
CONTAINER TYPE/SIZE
Two 1 gallon ziptock bags
Two 1 gallon zlplock bags
Two 1 gallon ziptock bag*
Two 1 gallon zlplock baga
Two 1 gallon ziptock bags
Two 1 gallon zlplock begs
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon ziptock begs
Two 1 gallon zlplock begs
Two 1 gallon zlplock baga
Two 1 gallon zlplock bags
Two 1 gallon zlplock begs
Two 1 gallon zlplock bags
Two 1 gallon ziptock bags
Two 1 gallon zlplock bags
Two 1 gallon ziptock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock begs
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon zlplock bags
Two 1 gallon ziptock bags
Two 1 geltori Bptock begs
Two 1 gallon zlptook beg*
Two 1 gallon ziptock baga
Two1 gallon zlplock bag*
Two 1 gallon ztptock beg*
Two 1 gallon ziptock bags
Two1 gallon ziptock begs
Two 1 gallon zlplock bags
Two1 gallon ziptock beg*
SOIL
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
WATER
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
OTHER
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
ANALYSES
As.Pb
As.Pb
A», Pb
As.Pb
As, Pb
As, Pb
As.Pb
As.Pb
As, Pb
As, Pb
As,Pb
As,Pb
As.Pb
As, Pb
As.Pb
As.Pb
As.Pb
As.Pb
As, Pb
As, Pb
As, Pb
At, Pb
As. Pb
As, Pb
At, Pb
As, Pb
As.Pb
As.Pb
As, Pb
As.Pb
As, Pb
As.Pb
As, Pb
As, Pb
As.Pb
As.Pb
As. Pb
A*, Pb
As, Pb
As, Pb
As, Pb
As, Pb
As.Pb
As, Pb
As.Pb
3K2-Q/A 05-30-1998/11:13AM None Two 1 gallon ziplock bag* Y N N As. Pb
3K3-Q/A 05-30-1996/11:42AM None Two 1 gallon ziplock bags Y N N As, Pb
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